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I.  INTRODUCTION 


The  quasi-static  compression  tests  reported  hereir.  were  conducted 
as  part  of  the  Core  Materials  Program  of  the  Solid  Mechanics  Branch  of 
the  Terminal  Ballistics  Laboratory. 

1 

This  report  is  the  third  in  a series  characterizing  the  mechan- 
ical behavior  of  armor  and  armor  penetrators ..  Such  characterization 
will  provide  valuable  information  to  designers  of  armor  vehicles  and 
armor  penetrators  and  to  those  studying  kinetics  of  armor  penetration 
processes . 

The  present  study  presents  the  results  of  quasi-static  compression 
tests  of  5083-H131  aluminum  rod  and  plate.  The  results  consist  of  /ieid 
strength,  average  stress-strain  curves,  Poisson's  ratio  and  Young's 
modulus . 


II.  TEST  PROCEDURES 

The  apparatus,  test  procedures,  and  data  reduction  regimen  used  ^ 
for  the  testing  of  the  5083-H131  samples  have  been  ’reported  previously  . 
The  test  specimens  were  right  circular  cylinders,  9.5mm  in  diameter 
machined  from  either  a one -inch  diameter  rod  or  a one-inch  thick  plate. 
The  specimens  cut  from  the  plate  were  24mm  long  and  were  orienced  suth 
that  their  long  axes  were  perpendicular  to  the  surface  of  the  plate. 

The  specimens  machined  f^om  the  rod  were  28.6mm  long  and  were  oriented 
such  that  their  long  axes  were  parallel  to  the  axis  of  the  rod.  Samples 
of  bolh  the  rod  and  plate  were  sent  to  Frankford  Arsenal  for  chemical 
analyses.  The  rod  and  plate  were  not  from  theQsame  heat  of  alloy.  The 
temperature  for  the  tests  was  approximately  22°C. 


III.  RESULTS 

Quasi-static  compression  tests  were  performed  on  6 rod  specimens 
and  6 plate  specimens.  The  average  engineering  stress-strain  curves 
from  these  specimens  are  presented  in  Figure  1.  The  vertical  error 
bands  in  Figure  1 indicate  the  + and  - standard  deviation  in  the 
stress.**  The  tests  were  terminated  upon  failure  of  one  of  the  gages. 
Table  I shows  the  maximum  strains  attained  prior  to  gage  failure  and 
indicates  that  the  six  tests  of  the  plate  specimens  terminated  at 
approximately  the  same  maximum  strain.  Therefore,  the  curve  shown  in 
Figure  1 for  the  plate  specimens  is  the  average  of  six  tests.  The 
terminations  of  the  corresponding  rests  of  the  rod  specimens  were 


♦References  are  listed  on  page  12 

samples  was  applied  to  the  calculation 


**Bessel's  correction  for  small 
of  the  standard  deviation^. 
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more  variable.  Therefore,  the  number  of  tests  used  to  derive  the 
average  values  shown  in  Figure  1 for  the  rod  specimens  was  dependent 
upon  the  strain,  i.e.  the  average  was  based  on  six  tests  from  0.0  to 
5.22  percent  strain,  four  tests  from  5.22  to  5.85  percent  strain  and 
two  tests  from  5.85  to  6.56  percent  strain. 

Figure  2 presents  the  longitudinal  and  circumferential  stress- 
strain  relationships  for  one  specimen  each  of  the  rod  and  plate. 
Poisson's  ratios  calculated  from  the  ratio  of  these  longitudinal  and 
circumferential  strains  are  presented  in  Figure  3 up  to  a maximum 
strain  of  one  percent.  Figure  4 shows  Poisson's  ratio  for  the  rod 
specimen  up  to  the  maximum  strain  attained  (approximately  five  per- 
cent). Poisson's  ratios  for  strains  from  one  to  five  percent  for  all 
the  rod  and  plate  specimens  were  similar  to  that  shown  in  Figure  4. 

Poisson's  ratio  for  the  rod  and  plate  is  0.32  in  the  elastic 
region, is  unstable  in  the  elastic-plastic  region, and  approaches  0.5 
as  strain  increases. 


TABLE  I 


STRAIN  AT  TERMINATION  OF  COMPRESSION  TEST 


SPECIMEN 

ROD 

PLATE 

% 

% 

1 

6.56 

2.82 

2 

5.85 

3.05 

3 

5.89 

3.33 

4 

5.22 

3.22 

5 

5.40 

3.03 

6 

8.85 

2.92 

The  average  yield  strength,  Young's  modulus,  and  Poisson's  ratio 
for  5083-H131  aluminum  rod  and  plate  are  presented  in  Table  II.  The 
values  within  the  parentheses  are  the  standard  deviations  determined 
from  6 tests.  The  yield  strength  is  defined  as  that  stress  at  which 
the  specimens  deviated  0.2  percent  from  proportionality  of  stress  to 
strain  . 

The  results  of  the  chemical  analyses  of  th«  plate  and  rod  are 
shown  in  Table  III. 


TABLE  II 


( 

i 


MEASURED  MATERIAL  PROPERTIES 
OF  5083-H131  ALUMINUM  ALLOY 


PROPERTY 

ROD  ( 

1 

PLATE 

Average  Yield  Strength 

273  (6.6) 

314  (2.6) 

(megapascals) 

Young's  modulus 

71.5  (1.0)  X10"5 

73,1  (0.3)  X10 

(megapascals) 

Poisson's  ratio 

0.32  (0.004) 

0.32  (0.006) 

Hardness  (Brinell) 

80 

95 

TABLE  III 


CHEMICAL  ANALYSIS*  OF  ROD  AND  PLATE  SAMPLES 
OF  5083-H131  ALUMINUM  ALLOY 


Element 


ROD 


Weight  Percent 


PLATE 


Copper 

Silicon 

Iron 

Manganese 

Zinc 

Magnesium 

Titanium 

Others 

Chromium 

Nickel 

Tin 

Lead 

Aluminum 


<0.1 

0.05/0.15 
0. 2/0.4 
0.77  ± 0.02 
<0.1 

4.81  ± 0.05 
<0.05 
<0.04 
0.05/0.15 
<0.02 

None  detected 
<0.02 
Remainder 


<0.1 
0.05/0.15 
0.2/0. 4 
0.72  ± 0.02 
<0.1 

4.72  ± 0.05 
<0.1 
<0.04 
0.05/0.15 
<0.02 

None  detected 
<0.02 
Remainder 


-? 

I 


*Analysis  by  Emission  Spectroscopy  - Frankford  Arsenal 
Materials  Laboratory,  Technical  Support  Directorate. 


CONCLUSION 


A series  of  quasi -static  compression  tests  has  been  completed  on 
samples  of  5083-H131  aluminum  rod  end  plate.  The  data  generated  from 
these  tests  have  been  reduced  and  are  in  a form  readily  applicable  for 
users. 

It  is  concluded  from  the  reproducibility  shown  that  the  results 
presented  are  an  accurate  partial  description  of  the  elastic  and  plastic 
properties  of  5083-H131  aluminum  bar  and  plate. 


acknowledgements 
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Figure  1.  Average  Stress-  Strain  Curves  for  Compression  Tests  of  5083 -H13^ 
Aluminum  Rod  and  Plate 


I 
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STRAIN  (PERCENT) 

Stress  Strain  Curves  for  One  Specimen  Each  of  5083"  H 131  Aluminum  Rod 
and  Plate  , 


ouva  s.NossiOd 
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Figure  3- Poisson's  Ratio  as  a Function  of  Strain  Up  to  a Max.  Strain  of  One  Percent 
for  One  Specimen  of  5083  ~H  131  Aluminum  Rod  and  Plate. 
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Department  of  Mechanical 

Sciences 

ATTN:  Dr.  U.  Lindholm 

Dr.  W.  Baker 
8500  Culebra  Road 
San  Antonio,  TX  78228 


1 Stanford  Research  Institute 
Poulter  Laboratory 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1 Stanford  University 
ATTN : Dr.  E.  H.  Lee 

Stanford,  CA  94305 

1 Tulane  University 

Dept  of  Mechanical  Engineering 
ATTN:  Dr.  S.  Cowin 

New  Orleans,  LA  70112 

2 University  of  California 

ATTN:  Dr.  M.  Carroll 

Dr.  P.  Naghdi 
Berkeley,  CA  94704 

1 University  of  California 

Dept  of  Aerospace  and  Mechanical 
Engineering  Sciences 
ATTN:  Dr.  Y.  C.  Fung 

P.  0.  Box  109 
La  Jolla,  CA  92037 

1 University  of  California 
Department  of  Mechanics 
ATTN:  Dr.  R.  Stern 

504  Hilgard  Avenue 
Los  Angeles,  CA  90024 

1 University  of  Delaware 
Department  of  Mechanical 
Engineering 
ATTN:  Prof.  J.  Vinson 

Newark,  DE  19711 

3 University  of  Florida 

Dept  of  Engineering  Science 
and  Mechanics 

ATTN:  Dr,  C.  A.  Sciammarilla 

Dr.  L.  Malvern 
Dr.  E.  Walsh 
Gainesville,  FL  32601 
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2 University  of  Houston 
Department  of  Mechanical 

Engineering 
ATTN:  Dr.  T.  Wheeler 

Dr.  R.  Nachlinger 
Houston,  TX  77004 

1 University  of  Illinois 
Dept  of  Theoretical  and 

Applied  Mechanics 
ATTN:  Dr.  D.  Carlson 

Urbana,  IL  61801 

2 University  of  Illinois  at 

Chicago  Circle 
College  of  Engineering 
Dept  of  Materials  Engineering 
ATTN:  Prof.  A.  Schulta 

D.  T.  C.  T.  Ting 
P.  0.  Box  4348 
Chicago,  IL  60680 

1 University  of  Iowa 

ATTN:  Dr.  K.  Valanis 

Iowa  City,  IA  50010 

4 University  of  Kentucky 

Dept  of  Engineering  Mechanics 
ATTN:  Dr.  M.  Beatty 

Prof.  0.  Dillon,  Jr. 
Prof.  P.  Gillis 
Dr.  D.  Leigh 
Lexington,  KY  40506 

2 The  University  of  Maryland 
Department  of  Mechanical 

Engineering 
ATTN:  Prof.  J.  Yang 

Dr.  J.  Dally 
College  Park,  MD  20742 

1 University  of  Minnesota 

Dept  of  Engineering  Mechanics 
ATTN:  Dr.  R.  Fosdick 

Minneapolis,  W 55455 


1 University  of  Notre  Dame 
Department  of  Metallurgical 

Engineering  and  Materials 
Sciences 

ATTN:  Dr.  N.  Fiore 

Notre  Dame,  IN  46556 

1 University  of  Pennsylvania 
Towne  School  of  Civil 
and  Mechanical 
Engineering 

ATTN:  Prof.  Z.  Hashin 

Philadelphia,  PA  19105 

4 University  of  Texas 

Department  of  Engineering 
Mechanics 

ATTN:  Prof.  H.  Calvit 

Dr.  M.  Stem 
Dr.  M.  Bedford 
Prof.  Ripperger 
Austin,  TX  78712 

1 University  of  Washington 
Department  of  Mechanical 

Engineering 

ATTN:  Prof.  J.  Chalupnik 

Seattle,  WA  98105 

2 Yale  University 
ATTN:  Dr.  B.  Chu 

Dr.  E.  Onat 
400  Temple  Street 
New  Haven,  CT  96520 


Aberdeen  Proving  Ground 

Marine  Corps  Ln  Ofc 
Dir,  USAMSAA 
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